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Technical field 

The present invention concerns a medical apparatus to 
assist a patient respiration and more specifically an apparatus 
able to control the pressure of the air provided to the patient. 

Background art 

Some apparatus are used to provide patients with air. 
This is used in many treatments. More frequently it is used 
for patients with a breathing deficiency caused for example by 
the weakness of the breathing system or by obstructive apneas 
during the sleep. In those cases it is important to control 
the pressure of the air delivered to the patient. With 
respiratory insufficient patients, apparatus providing air at 
a higher pressure help to compensate the weakness of the 
patients lungs. In the case of patients suffering of sleep 
apneas, providing the air at a higher pressure removes the 
obstruction of the upper airways. 

Several kinds of apparatus are used. The CPAP (Continuous 
Positive Airway Pressure) apparatus provides a constant 
pressure to the patient. An enhancement of the CPAP is 
adjusting the pressure delivered according to the detection of 
events (snoring, apneas, hypopneas , ...) for example, those 
apparatus will increase pressure (within bounds) if events are 
detected and will reduce pressure (within bounds) if no events 
are detected during a defined duration. Other apparatus 
operate with two different levels of pressure, one for the 
inspiration phase, the other one for the expiration phase) 
They treat the sleep apnea disorder as well as some 
respiratory insufficient patients. Those apparatus are 
composed of a centrifugal blower which provides the air. This 
blower comprises an impeller which is rotated by an electrical 
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motor using the brushless technology. The rotor is a multi 
poles permanent magnet and the stator is an electrical magnet 
with several crenels each of them having a winding. The 
windings are alternatively connected to a power source so that 
the magnetic field changes in the stator crenels enable the 

rotor to rotate. 

These apparatus require efficient motors. In order to 
operate sensors are precisely positioned on the stator to 
detect the position of the rotor. The sensors are connected to 
a processor in order to provide the information concerning the 
position of the rotor. The processor is then able to drive the 
windings phases according to the rotor position. 
The efficiency of those motors is highly linked on the 
precision of the positioning of the sensors and the 
reliability of the system is linked to the reliability of the 
sensors. Those sensors detect the position of the rotor by the 
variations of the magnetic flow and thus their reliability 
depends also on their bandwidth. Standard sensors have usually 
a 10 kHz bandwidth and thus are not able to operate correctly 
at high speeds. Higher speeds can be provided by using sensors 
with a higher bandwidth but those sensors are expensive and 
still have a speed limitation. In fact the faster the rotor 
rotates the worse the detection is accurate, the less the 
motor is efficient. Sometimes the system can even stall. 
25 Because these problems of positioning and reliability, those 
air providing apparatus which are using these sensors do not 
use high speed motors. The provided pressure is proportional 
to the impeller rotation speed and to the size of the 
impeller. Thus, in order to have the required pressure the 
size of their impeller is increased. Mainly those apparatus 
use big impellers having a diameter comprised between 70 and 
100 millimeters. Such impellers imply high inertia, thus 
preventing quick speed changes. 

Moreover, in the case of a CPAP that does not require 
pressure changes within a breath, to have a well regulated 
pressure at the patient interface, these apparatus are 
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requiring the vise of a , 22 millimeters diameter tube as the 
pressure drop within such a tube is negligible but the use. of 
a smaller tube will not guarantee the pressure regulation 
within acceptable bounds. 
5 In the case pf two levels of pressure apparatus, as 

changing the' blower speed within a breath ■ is impossible to 
achieve due to the high inertia, the highest level is 
delivered by the blower and the lowest is managed by using 
pneumatic valves, pressure dividers or alternative methods. 

10 The size of the impeller, the sensor positioning and 

attachments and the number of wires required increase the size 
of the blower . and thus of • the apparatus . Furthermore the 
precise positioning of the sensors complicates the assembling 
of . the motoi:- implying an increase of the cost . 
• 15 . In US 2002/0000228, the. inventors have used a way to 

obtain fast accelerations and decelerations which does not 
relies on the positioning of the rotor. US 2002/0000228 
discloses a blower for an air assistance apparatus- The blower 
operates with an electric motor. The polarity of the stator'.s 

20 sectors are changed by a driving unit to achieve fast 
accelerations and decelerations in one patient's breath step. 
This result is obtained by using a compressor wheel with a 
very low mass and by holding the wheel without contact in the 
radial compressor. This system requires a lot of precision 

25 when assembling the motor to obtain the magnetic fields that 
will hold the. wheel without contact in the compressor. The 
rotor position can not be determined. 

Document US 597773 7 relates to a way to enhance the 
accuracy of the motor functions. The improvement of the 

30 accuracy is carried out by predicting the motor current . There 
are no means for sensing the motor current. The prediction of 
the motor current is made by using different parameters such 
as motor inductance, motor and driver resistance and the back- 
. electo motor force (back-EMF) value. The motor 1 s position may 

35 also be included as. one of the parameters.* Using these 
parameters the current is calculated. . This allows the 
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determination of the pulse widths to be applied to* various 
inputs, to, the driver circuit. The back-EMF is not used to 
determine the rotor's position and to change the sector. 1 s 
polarity in respect of this position, US 5977737 does not 
5 disclose' a way to determine the rotor's position- The aspect 
disclosed by US 5977737 is a more -accurate delivery of current 
and not a way for increasing . the electro motor's efficiency.* 
This document thus does not provide any indication to obtain 
fast accelerations and decelarations within a patient's 
10 breath*. 

" Summary of the invention 

The invention object is to provide an apparatus able to 
deliver • air to a .patient at a controlled pressure in such a 

15 way that the pressure could be modulated! within a breath 

i 

according to the breath pattern and according to events 

detected from the patient . 

Another object is to provide an apparatus enabling the 

use of .smaller diameter -tubes than the standard 22mm. 
20 Another object of the invention is to provide an 

* apparatus with a lower size, being more power efficient and to 

improve comfort, to be as quiet as possible. 

A further, object is to provide an apparatus easier and 

cheaper to assemble. 
25 The subject of the invention is an apparatus .able to 

deliver air to . a patient at a controlled pressure in such a 

way that the pressure could be .modulated within a breath 

according to the breath pattern and according to events 

detected from the patient . 
30 .This is obtained by a very efficient centrifugal blower which 

is able to rotate at high speed (up to 50000 round per minute) 

and to decelerate and accelerate very quickly (±10 hPa 



- <r\r- l/\r- j^^^v 



10 



in 3 0 milliseconds) . This efficiency is obtained by having a 
very light and small diameter impeller, preferentially 50mm, 
and having preferentially a weight of 10 grams. This 
efficiency is obtained in the motor by detecting the optimal 
rotor position by measuring the back electro motor force 
(BEMF) generated in the blower motor. In respect of the BEMF 
detected a computer or processor is able to know the position 
of the rotor and accordingly will change the phases of the 
stator branches . 

The use of this technology avoids using sensors which 
enable the rotor to rotate at high speeds without 
malfunctioning. Tubes of a 15 millimeters can be used without 
pressure drops. The small size of the blower enables to reduce 
the whole apparatus and enables to create an ambulatory 
15 apparatus . 

An other implementation of this technology is that a 
toroidal stator is used. This further increases the efficiency 
of the blower and its size. This toroidal stator is also 
easiest and cheapest to assemble. 

Another side of the invention relates to its ability to 
communicate with its power supply. 

An implementation of this invention is to be able to 
modulate the pressure of the air provided. This modulation 
occurring within one inspiration or expiration, which is 
enabled by the capacity of the apparatus to provide fast 
accelerations and decelerations. 

Also the apparatus is able to react to events occurring 
in patients breathing and in response to modify the provided 
air pressure, possibly to adopt a given shape of the pressure 
to patient's mask being a function of time according to the 
frequency of the patient's breathing parameters. The apparatus 
according to present invention has the capacity to provide 
such a modulation within one single breath. 
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Figure 1 represents the connections between the elements of 
the apparatus according to the present invention, 

Figure 2 represents the assembling of the centrifugal 
blower of the apparatus according to the present invention, 
5 Figure 3 represents a section of the blower of the 

apparatus according to the present invention, 

Figure 4a is a symbolic representation of the three 
stator sectors connected to the power source, 

Figure 4b represents a preferred embodiment of the 
10 stator, 

Figure 5 is a symbolic representation of the different 
switches which connect the stator sectors to the power source, 

Figure 6 is a simplified representation which shows one 
configuration of switches setting, 
15 Figure 7 represents of the Pulse Width Modulation in 

function of time, 

Figure 8 represents the connections which enable to 
control the rotor rotation, 

Figure 9 represents the process to start the motor 
20 f unc t ioning , 

Figure 10 represents the communication of the data in the 
apparatus , 

Figure 11 represents the electric scheme of the load 
control module of the apparatus according to the present 
25 invention, 

Figure 12 represents the process of the load control of 
the apparatus according to the present invention, 

Figure 13 represents a starting operating process of the 
apparatus according to the present invention, 
30 Figure 14 represents the way the tension to apply to the 

stator is determinate, 

Figure 15 represents an example of air pressure applied 
to the patient in respect of his respiration, 

Figure 16a and 16 b represent respectively the patient's 
35 breathing pattern and the pattern of the pressure of the air 
provided by the apparatus according to present invention, and 
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Figure 17 represents one way the apparatus reacts to an 
event . 

Detailed description of the invention 

5 The apparatus according to the present invention provides 

a patient under treatment with air under controlled pressure. As 
represented in figure 1, the apparatus includes a high speed and 
low inertia centrifugal blower 33, an acoustic assembly 34, a 
computerized electronic board 19, a graphical display 20, a 

10 keyboard 21, and a sensor 35 connected to the a tube first 
extremity, connected to the patient's mask. This tube is 
connected to the blower 33 on its second extremity, but as the 
figure 1 represents the alimentation and the communication 
connections, the tube has not been represented. 

15 In a preferred embodiment, the computerized electronic 

board 19 includes : 

- means 23 and 35 for sensing the pressure at the patient's 
mask, 

- means 22 for sensing the pressure at the centrifugal blower 
20 33, 

- a non volatile memory 24 used to store patient compliance 
data's and measurements, 

- a real time clock 25 used to time mark the events, 

- a pressure control unit 37 to adapt the pressure provided at 
25 the mask, 

- an Infrared bi-directional data communication system 
following the IirDa standard 28 used to allow wireless 
communications with the apparatus, 

- a power supply manager 29, 

30 - a motor driving system 3 6 which comprises a micro controller 

26 and a power stage 27 connected to the centrifugal blower 3 3 

by three wires 32. 

The computerized board 19 is provided with energy by a 

battery pack 30 or an external DC power supply 31. 
35 These different elements are connected each other as 

represented in figure 1 by the links with a single arrow on one 
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or two extremities of a link. This can be an electrical or 
data's connection. 

The motor driving system 36 is a mean for optimally using 
the efficiency of the electric motor of the air blower. 

The adaptation of the air flow to a patient requires 
efficient motors. This is why sensors were used to know the 
position of the rotor, in order to change the rotor when at 
its optimal position. But as explained above, the sensors of 
prior art have several downsides . 

The apparatus according to present invention as the 
capacity to precisely determine the rotor's optimal position, 
so that the efficiency of the electro motor enables the blower 
to have fast accelerations and decelerations within one 
patient ' s breath . 

The solution provided by the invention is that instead 
of directly detecting the position of the rotor by the mean 
of sensors, it is detect by sensing the back electro motor 
force (BEMF) generated by the motor. This BEMF is detected on 
one branch of the stator which has three sectors. 

The air blower as represented in figure 2 and 3 is 
composed of : 

- a top cover 11 which comprises an air inlet hole 10, 

- an impeller/rotor 2 subsystem including two high speed 
bearings 4a and 4b, a rotor 3 which is permanent magnet with 

25 two poles and a twenty seven blades impeller 5, of for example 
47mm diameter, 

- a bottom cover 13, 

- a three stator 8 with three sectors 8a, 8b and 8c. 

Figure 2 represents also the screws 90 to fix the bottom 
30 and top covers together. Also is represented a sticker 92, 
which is added in the embodiment of blower represented to 
avoid air leakage. 

When assembled the stator 8 and the rotor 3 composed the 
electric motor which rotates the impeller 5 which is attached 
35 to the rotor. The impeller rotation attracts air trough the 
air inlet 10 and compresses it in the chamber 12. The air is 
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blown under pressure through the air outlet 9. The tube to 
patient's mask is connected to the air outlet 11. 

In a preferred implementation, represented in figure 4b, 
the stator 8 is a toroidal stator composed of three sectors 
(8a, 8b and 8c) which are coils. The two extremities S or E of 
each coil are grouped and join to a wire. As it is represented 
in figure 4a, this enables the stator to require only three 
wires to be connected. 

The figure 5 represents schematically the way the stator 
8 with three sectors is connected to the power stage 27 which 
provides the motor with energy. Each of the three stator 
sectors 8a, 8b and 8c, is connected to respectively A, B or C. 
The switches HA, HB and HC (switches H) connect the positive 
plot of the power supply to each respective branch of the 
stator A, B and C. Each of these branches corresponds to one 
stator sector 8a, 8b and 8c. In the same way the switches LA, 
LB and LC (switches L) connect to the negative plot (0 V) of 
the power supply to the respective branches A, B and C of the 
stator. The motor functions by rotation steps. In each of 
these different steps, different phases are applied to each 
point A, B, C in order to rotate the rotor. Figure 6 
represents one of these steps. In this figure, switches LA and 
HB are switched on applying the tension VPOWER delivered by 
the power stage 27 between branch B and A. The switches 
5 connected to C are switched off, thus enabling to measure the 
tension VM between C and the negative plot. In these 
conditions, this voltage obeys to the formula : 

VM= (VPOWER/ 2) + Vbemf 
wherein Vbemf represents the value of the BEMF. 
This enables the micro controller 26 to measure the BEMF. 
The best instant to change the phase is when the rotor 3 
arrives in the optimal position, which is when the rotor 
magnetic field and the magnetic field between A and B are in a 
situation of opposite polarity. Before the rotor reaches this 
position, the BEMF will be positive ; if the rotor pass this 
position, the BEMF will be negative. At the instant the rotor 
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is at the optimal position the value of the BEMF equals zero. 
Thus, when the zero value is detected on C the second micro 
controller 26 sends orders to configure the switches positions 
to change the configuration of the stator branches polarity. 

5 Each change causes the rotor rotation. 

This system enables the motor to be very efficient and 
thus enables high speed rotation and quick accelerations. By 
avoiding the use of sensors depending on their position, the 
apparatus according to present invention enables to rotate 

10 easily at a high speed. This high speed rotation enables to 
reduce the size of the impeller while providing the same 
pressure. The impeller as consequently a lower inertia this 
enables to further increase the acceleration of the motor. 

15 But in breath support it is also very important to 

provide good decelerations. When the tension is applied on one 
sector of the stator 8 the corresponding switch H is on. The 
tension is preferentially applied with pulses, such a tension 
is called a Pulse Width Modulation or PWM. This means that 

20 during a first duration of time the switch H is on, and that 
during a first duration of time the switch H is off, these two 
steps consisting in what is called the PWM period. Then H is 
switched on again and a second PWM period begins. The figure 7 
represents the PWM value related to time evolution. Because of 

25 the short time of the PWM period (typically between 50 and 
100/zs) , the tension in the system PWM is given by the formula: 
PWM = (PWM" on" / PWM" period" ) X VPOWER 
VPOWER being the tension the driving unit is provided with 

30 For example, during the PWM period when HA is off, if LA is 
also open, the system functions correctly at high speeds and 
with fast accelerations but has no possibility of fast 
decelerations. To decelerate it is required to decrease the 
PWM value, which is done by shortening the period when the 

35 tension is applied (PWM" on" with the switch HA on) . Thus the 
tension applied will decrease but the BEMF will not decrease 
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immediately. None of the switches settings is allowing the 
BEMF to be drawn to either rail of the power supply. This 
means that when PWM reaches the zero value and when the switch 
HA is on, it will be similar to have a left opened free 

5 wheeling motor which only breaks by mechanical bindings (in 
bearings for example) and according to the airflow load 
(airflow driven out) . To implement the system and provide fast 
decelerations, a solution is to switch the LA switch on during 
the period when HA is a off . Thus the current generated .by the 

10 motor will be sent via LA to the system. In case of PWM 
decrease the motor will provide a motor braking which enables 
a fast deceleration. 

As an implementation of the invention is to switch on one 
of the L switches during the PWM period and to switch the 

15 switch H of the same branch off at the same time, a limitation 
appears if having PWM on both sides of a branch during the 
transition time, physical switches such as MOSFET transistors 
are having delays to change their state from ON to OFF or OFF 
to ON. This means that the transitional condition where the 

20 two switches, L and H, of the same branch are on, can occur 
resulting on a direct short cut of the power supply. The 
implementation thus requires to generate a dead time period 
between the H switch switching OFF and the L switch of same 
branch switching ON. This can be generated by a software and a 

25 micro processor comprised in the driving unit. 

The figures 8 represents how the stator and the switches 
are connected to the micro controller 26. As represented in 
figure 8, the stator is connected to the switches set by only 
three wires, each stator sectors being connected on A, B and C 

30 as described above. Each point A, B, C is connected to the 
micro controller 26 which enables to measure the BEMF as 
described above. The micro controller 26 send the numerical 
orders to an adapter 38, which converts these orders into a 
position of the corresponding switch, so that the driving unit 

35 is enabled through a micro controller's software to switch 
each switch off or on. 
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The following table 1, shows the functioning of the 
controller 26 during one rotating sequence (one complete 
rotation of the rotor) . 
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Tableau 1 : 
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In this preferential mode as the stator has three sectors 

5 and as the rotor is a dipole magnet, the sequence comprises 
six steps corresponding to the six different ways of applying 
the polarity to the stator branches in order to rotate the 
motor in one sense. The state of each switch is represented in 
respect of each step. For example in step 1 , HA is switched on 

10 during the PWM on time (and off during the rest of the PWM 
period) , LA is switched on during the rest of the PWM period 
(noted !PWM) . HB, HC, and LC are switched off and LB is 
switched on. During this step, A has got the positive polarity 
and B the negative polarity. The BEMF is measured on C. This 

15 measure is sent to the micro controller 26. When the BEMF 
reaches the 0 value, then the command are operated to gave the 
instructions to switch the switches in the configuration of 
step 2. In step 2 the positive polarity stays on A, the 
negative polarity is on C, enabling a 60 degrees rotation of 

20 the rotor. The BEMF is measured on B, and so on for each step. 

Thus, the efficiency of the motor driving system 36 
allows very fast and accurate accelerations and decelerations 
of the motor. As the rotation of the motor rotates the 
impeller and as the impeller rotation speed is a function of 

25 the pressure provided by the blower, this efficiency enables 
fast rise and fall of pressure. Typically under normal airflow 
load conditions, the blower will rise from 1 hPa (hecto 
pascals) to 3 0 hPa in less than 200 milliseconds under the 
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same conditions, the bl ower will drop from 3 0hPa to 1 hPa in 
the same duration. The rise or fall can be of more than 10 hPa 
in 30 to 60 milliseconds. 

For the intended use of the apparatus, those performances 
5 are giving to the device enough latitudes to accomplish an 
enhanced pressure regulation at the patient mask and a multi 
level of pressures within breaths without the requirement of 
additional valves . 

This provides the maximum efficiency of motor rotation, 
10 and enables it to rotate at high speed (more than 50000 rounds 
per minute) and to have fast acceleration or decelerations, 
that is to say at least a 

In the preferred embodiment the stator as only three 
15 sectors. Even if it would be more complicated, it could also 
be used stators with more sectors. For example a six sectors 
stator could be used with a rotor being a magnet with four 
poles . 

In a preferred embodiment the apparatus has a power 

20 supply manager 29 which is connected to a battery pack 3 0 or 
to the power supply sector via an external plug 31. The power 
supply manager comprises a communication module which enables 
to avoid expensive connectors and cables. This module is used 
to transmit data trough the power source wires. As represented 

25 in figure 10, the pressure control unit 37 transmit a binary 
data flow 60 to a Frequency Shift Keying (FSK) modulator 50 
which transforms these binary data in a modulation of the 
tension frequency of the tension applied on the voltage 
controlled current source 52. The external power supply is 

30 connected on the voltage controlled current source 52 with its 
0V plot 57 and its positive plot 56, so that the voltage 
controlled current source 52 transmit voltage frequency and 
possibly the modulation corresponding to the data. In the same 
way when a modulated voltage is applied by other modules or 

35 sensors on the positive plot 56, a FSK demodulator will 
convert the voltage frequency modulation into binary data 61 
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and transmit them to the pressure control unit 37. This 
voltage is transmitted by the positive plot 56, so that each 
sensor or module connected to the power source is able to 
receive or transmit information. 
5 In a further embodiment, the power supply manager 29 can 

comprise a load control module. The high speed centrifugal 
blower 33 has a motor 8 and 3 and regardless the motor 
technology, when a slowdown of the motor is required it 
induces a negative current from Ground to positive plot of the 
10 power supply, because the motor in that condition acts as a 
generator. If the motor decelerates, as for example described 
above with the implementation for enabling fast decelerations, 
this negative current is generated back into the system and 
will be sent into the power supply. When the power of the 
15 power supply only delivers energy to this apparatus and as a 
power close to the apparatus consumption power, serious 
damages can occur. The load control module aim is to prevent 
those downsides. As represented in figure 12 and 13, this load 
control module 65 comprises a current sensor 55, 
20 preferentially a 0.1 ohm resistor Ri connected to the external 
power supply and to a comparator 53, the load control module 
65 further comprising a load resistor 54 which can be 
connected by switches to the positive power supply 58 and to 
the ground 59. The comparator 53 is connected to the load 
25 resistor 54. The current sensor 55 provides the comparator 53 
with the value of the current, so that when this value is 
negative the comparator 53 switches the load resistor 54 on 
between the positive power supply 58 and the ground 59 by the 
way for example of a Darlington PNP, or D PHP/ thus allowing the 
30 excess of negative current to be drawn in the load resistance 
54 thus allowing the dissipation of the energy generated by 
thermal effect. Such device is particularly useful in the 
present invention but is not necessary and could be applied in 
other breath assisting apparatus like CPAP. The electric 
35 scheme of this implementation is represented in figure 11. 
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Preferentially, the apparatus according to the present 
invention further comprises bearings 4a and 4b and a bearing 
holder 93. The impeller 5, said rotor 3 and the impeller's 
shaft 91 are fixed together, said bearings being fixed to said 
axis and being hold inside the bearing holder. Thus the 
impeller, the rotor and the bearings inner ring rotate 
together with the shaft . The bearings outer ring being hold 
in the bearing holder, which is fixed in the apparatus. 
Instead of being centered inside the stator 8, the rotor is 
shifted outside the stator 8, preferentially at an equal 
distance of each of the three stator sectors 8a, 8b and 8c, so 
that the stator also generates on the rotor 3 an axial force 
oriented along the impeller's shaft 91, thus generating a 
preload on the bearings 4a and 4b. On bearings, a preload is 
required to operate smoothly and quietly. This further 
increases the motor efficiency. An other advantage is that it 
avoids the use of springs to generate the preload on the 
bearings . 

The BEMF detection for controlling the blower motor allows 
high speed of impeller rotation. One advantage is that the noise 
gets in higher frequencies. This enables to insulate the blower 
with a smaller box 34 and enables to have less noise. By 
preferentially increasing the number of blades the apparatus 
according the present invention further moves the noise of the 
apparatus at higher frequencies. This number of blades is 
comprised between 14 and 45, preferentially 27. It is preferred 
to have an impair number of blades. 

An implementation of the present invention is to force the 
rotor 3 to rotate at a speed high enough to enable the BEMF to 
be detected. To this aim, when receiving a PWM value the micro 
controller 26 will follow the process as represented on figure 
9- If the motor is not stopped then a request to apply the 
tension PWM value to the stator 8 is sent. If the motor is 
stopped, the micro controller 26 initializes the time between 
the rotor's rotation steps, these steps consisting in changing 
the phases of the stator branches. In that case, the micro 
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controller 26 also fixes the PWM value. This means that until 
the BEMF is detected, the changes of phases depend on time and 
not on a BEMF detection. The micro controller 26 keeps on 
decreasing the time between the changing phases steps, until the 
BEMF is detected. When the BEMF is detected, the tension PWM 
value corresponding to the pressure required is applied. The 
apparatus function at this time with BEMF detection. 

Another advantage of a BEMF detection is that the fastest 
the motor will turn, the more precise the BEMF detection will be 
resulting on an increase of efficiency. 

An other embodiment of the invention is to obtain the 
stator 8 by using a strip wound cores with a high grade thin 
silicon steel. It is known that to improve stator efficiency the 
number of laminations have to be high to reduce core losses. The 
classical solution in motor design is to slice the stator in a 
high number of laminations with a thin isolation. According to 
the present implementation another method is used to obtain the 
stator: using a strip wound technique allowing to go to 0.05 mm 
thickness of the steel. This technique used in toroidal 
transformer has been here adapted to the apparatus 

Another advantage of the invention is that, the high 
rotation speed and quick rise time and fall time also enables to 
use tubes of a smaller size. Historically CPAP and respiratory 
assistance devices are using 1.8m long, 22mm outside diameter 
tubing, because the pressure drop on those tubes are negligible 
(0.7hPA for 11/s airflow). Pressure drops are happening during 
inspiration and, during expiration, pressure is increasing. In 
that case it is important that the pressure of the provided air 
does not change too much ; this is the reason why 22mm diameter 
tubes are used. The downsides of those tubing's are size and 
weight. It can be interesting to use smaller tubes given the 
reduced size of the apparatus. The downside of a reduced 
diameter tubing is the fact that significant pressure drops are 
occurring. Given the light weight of the impeller/rotor 2 
combined with the efficiency of the motor driving system 36 and 
the load control of the power supply manager 29 allowing very 
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fast and accurate accelerations/ decelerations, the apparatus 
according to the present invention is able to compensate those 
pressure drops thus allowing the use of smaller tubing's 
(i.e. 15mm outside diameters) . 
5 In a preferred embodiment of the present invention, the 

apparatus comprises means for measuring the patient's 
breathing parameters at the patients mask. These means are 
preferentially means that enables to determine the airflow. 
The apparatus allowing fast accelerations and decelerations 

10 allows to modulate the pressure to the patient in respect to 
the illness to treat. Based on the high speed and efficiency 
of the centrifugal blower, the apparatus can accommodate 
almost any kinds of pressure patterns to any kinds of breaths 
but only a few among those are useful in the respiratory 

15 treatments . The apparatus has thus the ability to 
differentiate the two basic states of the respiration: 
inspiration and expiration. Two of consecutive basic states 
constitute one breathing step. The sensors provided in the 
apparatus enables the pressure control unit 3 7 to determinate 

20 the pressure required for the patient and to send the 
corresponding Pulse Width Modulation PWM value to the micro 
controller 26. Preferentially the pressure control unit 
comprises an estimation module 100 or program which determine 
the pressure to apply, and comprises a control loop which 

25 converts this value of pressure into the tension PWM to apply 
to the blower. The determination by the pressure control 37 
of the tension PWM to apply is represented in figure 14. The 
outputs of the estimation module 100 are the value of the 
inspiration pressure PI which is the pressure maintained at 

30 the patient's mask during the inspiration, and the value of 
the expiration pressure PE which is the pressure maintained at 
the patient's mask during the expiration. The patient's 
breathing parameters, and preferentially the airflow 
parameters, enables the computation of the inspiration and 

35 expiration, this latest computation enables the estimation 
module 100 to determinate, which step of the patient's 
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breathing is occurring. A breath estimation module 132 is 
qualifying a breath in shape, energy (volume) and frequency. 
The clinician or a qualified user enters parameters, or shapes 
of the delivered pressures for the expiration phase and the 
inspiration phase. The clinician entered also parameters 120 
defining how the estimation module 100 is going to react 
following events detected in the breath estimation module. It 
is well known that a feedback of the patient with his 
treatment is helping compliance, thus the patient can have an 
access to a parameter 122 ranging from minimum to maximum that 
is qualified to be "comfort vs efficiency". This patient 
setting 122 is having the weight that the clinician is giving 
to it, from pure placebo effect to some level of effects. 
Basically the patient's settings are applied in the normal 
breath situation or/and have a limited action on the pressure 
regulation. It is also possible that the airflow is an input 
to the estimation module 100. Thus, with the data inputs 
concerning the breath estimation (and clinical symptoms or 
event associated with) , the inspiration/ expiration computation 
) and the clinical settings, and possibly the airflow 
computation and patient settings, the pressure control unit 37 
by the estimation module 100 is able to determinate the 
pressures required PI and PE. Those two values can be 
addressed to two different outputs where a switch is able, 
5 relative to the inspiration/expiration computation, to connect 
to the required output regarding if the patient is breathing 
in or out. The pressure control unit 37 comprises a pressure 
control loop 106 which, by comparing the pressure measured in 
the mask and the value of pressure required PI or PE, is able 
30 to adjust the tension PWM in order to obtain the correct 
pressure in the mask. The figure 15 represents one pattern of 
the pressure of treatment provided according to the airflow 
due to the patient breathing. In this example, the clinical 
technician has set a special modulation of pressures PI and PE 
35 during respectively the inspiration and the expiration; after 



a while as no special event occurs the values of the two 
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pressures are changed. The estimation module 100 can 

preferentially use a clock time 25 to time mark the breathing 
parameters . 

The apparatus has a two steps, strong recognition, process 

5 in order to prevent false start of the apparatus when the mask 
is not on the patient's face and to prevent starting a new 
treatment session. When the apparatus is started by the patient 
by using the keyboard, for example and as represented in figure 
13 by using the start key, the blower 33 is kept turning at a 

10 very low speed, waiting for some activity on the mask pressure 
sensors 23 . When an activity is detected, the apparatus is 
instantaneously trying to bring the pressure at the apparatus 
outlet 9 at a minimum starting pressure P 0 of 4 hPa. This will 
guarantee that no CO 2 rebreathing will occur. When this pressure 

15 is reached the estimation module 100 tries to identify at least 
one breath to start the treatment process according to the 
settings. When the mask is not applied against something, like a 
hand or the patient's face, no activity is detected. Then if a 
maximum time has been spent (the timeout is reached) since the 

20 start key is actuated, without detecting any activity, the 
blower is stopped. On the contrary, the apparatus keeps on 
waiting for an activity on the pressure sensors. When the mask 
is not applied correctly the pressure can not reach 4 hPa. Then 
if the timeout is reached the blower is stopped, on the contrary 

25 the apparatus tries again to detect some activity on the 
pressure sensors. When the mask is not applied on the patient's 
face no breath pattern is recognized. Then the blower is stopped 
if the timeout is reached. On the contrary the estimation module 
100 waits to detect some activity on the pressure sensors. The 

30 timeout checking prevents the blower keeping turning on if the 
patients does not start the treatment and forget to start the 
blower . 

Preferentially, the data of the pressures PM and PB which 
are sensed at the extremities of the tube and the data of the 
35 tube coefficient K T enable the airflow computation. One formula 
that can be use to compute the airflow from these values is : 



Airflow 2 = (PM-PB)/K T 
The following examples demonstrate the way the estimation 
module 100 modulates the pressure value PM to apply to the 
patient's mask. 

Example 1: Pressure Pm at patient's mask within a breath 

As represented in the figure 15 the pressure provided is 
not constant but is a function of time. 

At time tl the patient starts breathing in. Time t2 is 
defined when the absolute value of airflow starts to decrease 
within the inspiration phase or shows a fixed delay after tl. 
As the estimation module is calculating the derivative of the 
airflow function, it is able do determine this time for 
example when the derivative reaches zero. Time t3 is the start 
of expiration. Time t4 is defined when the absolute value of 
airflow starts to decrease within the expiration phase or 
shows a fixed delay after t3 . Time t5 is the end of the breath 
step and the beginning of a next breath step. 

In order to reduce the patient's lung effort the 
estimator increases the value of pressure PM from time tl to 
t2. After time t2 as the absolute value of airflow is 
decreasing the estimation module decreases the pressure value. 
In the same way, to reduce the patient's lung effort the 
estimator decreases the value of pressure PM from time t3 to 
t4. After time t4 as the absolute value of airflow is 
decreasing, the estimation module increases the pressure 
value . 

The value of PM given by the estimation module and thus 
the pressure applied at the mask is a function of time. 

Figure 15 represents one example of the PM function 
pattern on one breath step. This function is given by the 
following formula : 

if tl < t s t2: ^=^ + (^ rt ) x5 iH 

if t2 < t i t3 i PM = MAX(P T + (t2-tl)xK JUI -(t-t2)xSLH,AVP) 
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wherein the MAX function returns the greatest of its two 
members, each member being separated in the parenthesis by a 
coma . 

if t3 < t < t4 : PM = P T +(t-t3)xSLH 
5 if t4 < t s t5: PM = MIN(AVP-(t4-t3)xSLH + (t-t4)*SLH,AVP) 

wherein the MIN function returns the smallest of its two 
members, each member being separated in the parenthesis by a 
coma . 

According to the figure 15 and these equations, the 
10 increases and decreases are linear, the absolute value of the 
slope coefficient S P being a constant set by the patient or 
the clinician. During one inspiration the pressure value Pm is 
always superior or equal to treatment pressure PT. In figure 
? the pressure is constant just before t3 (as the first member 
15 of the MAX function is inferior to PT. During one inspiration 
the pressure value Pm is always inferior or equal to treatment 
pressure PT. On one breath step the mean of the average 
pressure value PM is equal to the treatment pressure PT, 

Clinician could also define bounds wherein the 
20 estimation module would limit the SP value when SP is set by 
the patient. 

This kind of operation is allowed with the apparatus 
according to the present invention, because it has the ability 
to precisely and quickly regulates the pressure. 

25 

Example 2 : Variations of the average pressure of treatment as a 
function time according to detected events 

30 In a preferential embodiment the average pressure of 

treatment within one breath, that is to say within one 
breathing step, can be modulated according to the events 
occurring, such as snoring or apneas or abnormal breathing 
patterns . 

35 The apparatus will normally (no events detected) try to 

reduce the average pressure of treatment value, thus enhancing 
the patient comfort while breathing against the apparatus. The 
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clinician set a minimum average pressure of treatment Ptmin 
and a coefficient N OE k expressed in hPa/s. 

In the following example the terms AVP, are the average 
pressure of the pressure to patient's mask on one breath step. 
On figure 17, this average pressure as been noted PM, as the 
measurement is made on the first pressure sensor 6. As 
represented on figure 17, when no events are detected the 
average pressure of treatment value will follow the equation: 

10 A VP(t) = MAX (A VP(t -e)- (NOEK x e), A VP min) 

£ being the sampling time, which is the duration wherein the 
calculation is made, this sampling time corresponding to one 
breath step, 

the MAX function is returning the greatest value of its two 
15 members . 

The average pressure value Pm thus decreases linearly until it 
reaches the minimum set by the clinician and stays constant 
until an event occurs. 
20 When an event is detected, a 3 steps process is 

initiated : 

• Step 1: the estimation module, looking in the clinical 
settings is defining if the event has to affect the 
average value of pressure PT. 

25 • Step 2 : If so the estimation module looking in clinical 
settings, will define a persistence delay D P . 
In the example of figure 17 a snore is detected, the 
persistence delay could be set to 2 minutes. 

• Step 3 : A Ek parameter in hPa/s is extracted from clinical 
30 settings and balanced with an eventual ongoing event. The 

estimation module will determine the Ek corresponding to 
the event which occurs or has occurred and linearly 
increase the average pressure of treatment with Ek as slope 
coefficient. AVP will then follow the equation: 
35 A VP(t) = MIN (A VP(t -£) + (EK x e), A VP max) 




23 

e being the sampling time, the MIN function is returning the 
smallest value of it's two members. 

During the persistence delay even if no event occurs the 
estimation module will keep on increasing the average pressure 
5 of treatment PT. 



Example 3 ; Variations of the slope SLH of the value of pressure 
PM applied to the patients mask within a breath. 

10 

The slope coefficient of the pressure applied function of 
time within a breath can also be modulated according to time. In 
a preferential mode this coefficient remains constant on each 
single breath step (one inspiration and one expiration) , but can 

15 be changed from one step to another. 

The apparatus will try to reduce the slope coefficient SP, 
thus enhancing the patient comfort while breathing against the 
apparatus. The clinician set a minimum the slope coefficient SP, 
and a coefficient N SP expressed in hPa/s . 

20 The events are detected the slope coefficient SP value will 

follow the equation : 

SLH(t) = MAX \SLH \t -e)- (NOES x e\SLH min) 
£ being the sampling time, the MAX function is returning the 
25 greatest value of its two members. 

The shape of the corresponding curve is like the one for average 
pressure in figure 17. 

When an event is detected, a 3 steps process is initiated : 

• Step 1: the apparatus, looking in the clinical settings is 
30 defining if the event has to affect SP 

• Step 2 : If so the apparatus looking in clinical settings, 
will define a persistence delay further named DS. 

If, as represented on figure 18 a snore is detected, the 
persistence delay could be set to 2 minutes. 
35 • Step 3 : A ES parameter in hPa/s 2 is extracted from clinical 
settings and balanced with an eventual ongoing event. The 
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estimation module will determine the Ek corresponding to the 
event which occurs or has occurred and linearly increase the 
average pressure of treatment with ES as slope coefficient. SP 
will then follow the equation : 

SLH if) = MIN(SLH(t -s) + (ES x e), SLH max) 
fbeing the sampling time, wherein the calculation is 
performed, preferentially with a 2 00 Hz frequency 
the MIN function is returning the smallest value of it's two 
members . 

During the persistence delay even if no event occurs the 
estimation module will keep on increasing the slope SP. 

Example 4 : dl, d2 auto adjustment 

On the figures ? dl and d2 have two different behaviors, 
according to t2 and t4 definitions. t2 is defined when the 
absolute value of airflow starts to decrease within the 
inspiration phase or shows a fixed delay after tl . t4 is defined 
when the absolute value of airflow starts to decrease within the 
expiration phase or shows a fixed delay after t3 . 

If t2 and t4 are defined according to the airflow waveform 
then no auto -adjustment is occurring. If not, following the same 
rules than SLH or AVP, the dl and d2 can also be affected by the 
events. In the case when dl and d2 are not locked by the breath 
waveform following the same process, dl and d2 can also be 
adjusted according to events in the case. 



